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D scription 

This invention is in the field of biochemical engineering. fVlore particularly, the invention concerns a 
pharmaceutical formulation of biologically active recombinant IL-2 or IFN-/3 protein which is suitable for 
parenteral injection into humans. 

Naturally occurring interferons (IFNs) are species-specific proteins, often glycoproteins, produced by 
vanous cells upon induction with viruses, double stranded RNA's. other polynucleotides, antigens and 
mitogens. Interferons exhibit multiple biological activities such as antiviral, antiproliferative, immunomodula- 
tory and anticellular functions. At least three distinct types of human interferons have been identified and 
characterized in terms of their anti-viral, anti-growth and activation of natural killer cell (NK) activities. They 
are produced by leukocytes, lymphocytes, fibroblasts and the immune system and are classified a, /3 and 7 
interferons. These are reported to be different proteins coded for by distinct structural genes. 

In recent times, however, several of the human interferon genes have been cloned using recombinant 
DNA technology and expressed in E. coli (Nagola. S. et al., Nature . 284:316 (1980); Goeddel D V et al 
Nature. 287:411 (1980); Yelverton. E. et al.. Nuc Acid Res. 9l73r(198T): and Streuli. M. et al.. Proc Natl 

Acad Sci (USA), 78:2848 (1981). 

Native human IL-2 is an antigen-nonspecific, genetically unrestricted soluble factor produced by 
erythrocyte rosette positive T cells stimulated with antigens, mitogens and aildantigens. It is a protein with a 
reported molecular weight in the approximate range of 13.000 to 17.000 daltons (S. Gillis and J. Watson. J 
Exp Med (1980) 159:1709) and an isoelectric point in the approximate range of pH 6-8.5. Human IL-2 has a 
number of in and in vivo effects including enhancing the proliferative responses of human peripheral 
blood mononuclear cells or murine thymocytes, enhancing the immune response in humans and In animals 
against bacterial, parasitic, fungal, protozoan and viral infections, and supporting the growth of continuous T 
cell lines. 

Proteins such as IFNs and IL-2 and muteins thereof in which a cysteine residue is deleted (in the case 
of IFN) or replaced with another amino acid (in the case of IFN and IL-2) have been produced microbially 
through genetic engineering techniques. Microbially produced IL-2 is not glycosylated and is produced in a 
reduced state by the microorganisms. When purified and oxidized, these microbially produced IL-2s exhibit 
activity comparable to native human IL-2. 

Procedures for purifying native IL-2 from T cells are described by Watson. J., et al, J Exp Med (1979) 
150:849-851; Gillis. S.. et al. J Immunology (1980) 124:1954-1962; Mochizuki. D. Y.. et alT JTHir^TiF Meth - 
(1980) 39:185-201; Welte. J., et al. J Exp Med (1982) 156:454-464; and European PatinTA^icWns 
83103582.9 (published October 26. 1983 under no. 92163) and 83403582.9 (published November 16. 1983 
under no. 94317). In general, these procedures involve precipitating proteins from culture supernatants with 
35 ammonium sulfate followed by a chromatographic fractionation. 

Procedures for recovering and purifying bacterially produced IFNs are described in U S Patent Nos 
4.450,103; 4.315.852; 4.343.735; and 4.343,736; and Derynck. R., et al. Nature (1980) 287:193-197 and 
Scandella and Komberg, Biochemistry . 10:4447 (1971). Generally with theiTmethodsIhe IFN is not 
produced in a sufficiently pure form and in sufficiently large quantities for clinical and therapeutic purposes 
and the resulting IFN preparations produced by recombinant DNA techniques have residual toxic amounts 
of chemicals, such as sodium dodecyl sulfate (SDS) and other surfactants or precipitants used in the 
extraction and purification steps which are not acceptable for clinical studies in therapeutic applications. 

Both recombinant IFN-^ and IL-2 are insoluble in solutions which are at a physiological pH of 7 to 8. 
Therefore, various processes and additives have been devised to solubilize these proteins. 

U.S. Patent No. 4.462.940 to Hanisch et al. discloses a process for formulating interferon by mixing the 
interferon and normal serum albumin at pH 12.0 for 5 minutes and then adjusting the pH to 7.5 to obtain a 
soluble mixture. Exposing the interferon to such a high pH may adversely affect the properties of the 
interferon. In addition, the formulation contains some SDS. 

The only alternatives to the high pH albumin formulation are the addition of detergents or of chastropic 
agents such as urea or guanidine hydrochloride to the formulation to solubilize the protein. A detergent such 
as sodium dodecyl sulfate will cause hemolysis upon injection of its concentration is sufficiently high. 
Additionally, even a relatively low level of SDS where approximately one molecule of SDS Is bound to each 
molecule of IL-2 may cause liver damage if the IL-2 formulation is administered at very high doses. 
Chaotropic agents such as urea work to solubilize IL-2 but must be used at very high concentrations of 30% 
55 or higher solutions. In addition, with urea there are problems with chemical modification of the protein at 
high concentrations. 

A reagent-grade IL-2 which is in solution with the detergent N-lauryl sarcosinate has been commer- 
cialized. In addition, an IL-2 formulation is being sold which contains reagent-grade IL-2 and is recom- 
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mended to be reconstituted in a complete tissue culture medium with 0.5% deoxycholate, another 
detergent. Such formulations, however, are not suitable for parenteral injection into humans. 

Fatty acids have been used as pharmaceutical absorption promoters for oral and vaginal administration 
and for rectal application. See. e.g.. Jap. Kokai 8288126 and 8280314 to Kyoto Pharmaceutical Industries. 
5 See also Jap. Kokai 81104812 to Sankyo Co., Ltd. In addition, fatty acids are known for use in topical 
creams (U.S. Patent No. 4.331.653). in effecting dissolution of solutes in water (U.S. Patent No.. 3.667.929) 
and for pharmaceutical injection (U.S. Patent No. 3,658,970-lauric acid). 

Wang et al.. J Parenteral Drug Assoc . 34. 452-462 (1980) provides a review of excipients and pH's for 
parenteral products used in theUnited States. This article indicates that it is not trivial to choose excipients 
10 for parenteral products as for other dosage forms due to concerns for safety and feasibility in sterilization. 
Acceptance of a substance to be used as exciplent often involves lengthy safety testing or production trials. 
Also, for reasons of stability or solubility the pH of the product cannot always be adjusted to physiological 
pH of 7.4. A list of solubilizing agents such as detergents and lipids in use for various drugs is provided on 
p. 454 and a list of stabilizers, including sodium caprylate (octanoate) for normal serum albumin, is provided 

15 on p. 458. u- I. II. I- 

There is a need in the art for a protein formulation where the protein is not subjected to high alkalinity 
so as to alter the protein, the protein is soluble and the formulation is free or virtually free of SDS. 

The present invention provides a stable pharmaceutical composition of matter suitable for parenteral 
injection into animals or humans comprising a therapeutically effective amount of a recombinant interleukin- 
20 2 or /3-interferon protein purified to contain less than 4 ug sodium dodecyl sulfate per mg protein dissolved 
in an inert carrier medium comprising sodium laurate at a pH of 7.0 to 8.0, In such a formulation the IL-2 is 
in a soluble form at physiological pH and the pH need not be raised to above 10.5 to obtain such a soluble 
formulation. Moreover, sodium laurate naturally occurs in the blood. A compound similar to sodium laurate. 
sodium octanoate. which is a known stabilizer for human serum albumin, is not an effective stabilizer for the 
25 biologically active protein IL-2. 

Thus, in general the invention provides the use of sodium laurate in stabilizing an interleukin-2 
interferon-iS so as to render said protein suitable for administration to animals or humans. 

This composition is prepared by an improved process comprising (a) extracting the recombinant protein 
(IL-2 or IFN-iS) from a disruptate of a host organism transformed to produce the protein, (b) purifying the 
30 extracted protein to contain less than 4 ug sodium dodecyl sulfate per mg protein, (c) mixing the purified 
protein with an inert carrier medium at a pH of about 9 to 9.5 in the presence of sodium laurate. and (d) 
adjusting the pH of the mixture to between 7.0 and 8.0. 

In preferred embodiments of this invention, the stabilizer is present in a concentration of 0.03 to 0.1% 
by weight, depending on the exact pH of the solution, the solubilizing agent used in the process is SDS. the 
35 formulation further comprises mannitol, the pH thereof is 7.5 to 7.7. and the formulation is lyophllized after 

step (d). ^ II o ^ 

Figure 1 shows a flow diagram of a preferred procedure for processing microbially produced iL-2 ana 

formulating it at pH 8.0. 

Figure 2 shows a flow diagram as in Figure 1 except that the formulation is adjusted to pH <8.0. 
The term "recombinant" refers to IL-2 and IFN-/3 proteins generated using genetic engineering 
techniques. These techniques typically involve identifying and characterizing the structural gene which 
encodes the native protein, isolating or synthesizing that gene or a mutant which encodes a functionally 
equivalent mutein of the native protein, inserting the gene into an appropriate expression vector in a position 
which permits expression of the gene, transforming competent hosts with the vector, identifying correct 
transformants. and culturing the transformants in a suitable growth medium. The host organism may be 
yeast or mammalian cells, but is preferably microorganisms, more preferably bacteria, and most preferably 
E. coll. The IL-2 and IFN-/3 are typically recovered from the culture by disrupting the cells, treating the 
5illUiar debris with solubilizing agents (depending on the solubility characteristics of the protein) and one or 
more extractants to isolate the crude protein, and purifying the crude protein by various preparative 
chromatographic procedures. If the protein is susceptible to oligomer formation during the fermentation or 
recovery processes, the protein may be treated with a reducing agent at an appropriate stage in the 
recovery process. 

As used herein the term "/3-HIFN" refers to human i3-interferon or /3-interferon-like polypeptides 
produced by recombinant DNA techniques, and whose amino acid sequence is the same, similar or 
55 substantially homologous to native /3-interferon. both the glycosylated and the unglycosylated protein. 
Examples of such recombinant proteins are the IFNs described by Nagola. S. et al.. Nature . 284:316 (1980). 
Goeddel. D. V. et al.. Nature . 287:41 1 (1980). Yelverton. E. et al.. Nuc Acid Res, 9:731 (1981). Streuli, M. et 
al., Proc NafI Acad Scr(DSA)r78:2848 (1981). European Patent Publication No. 28.033 published June 6. 
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1981 and European Patent Application No. 109.748 published May 30. 1984. 

As used herein the term "IL-2" denotes a protein which is native interleukin-2 or is produced by a host 
that has been transformed with a human interleukln-2 gene or a modification of the human interleukin-2 
gene that encodes a protein having: (a) an amino acid sequence that is at least substantially identical to the 
5 amino acid sequence of native human interleukin-2 and (b) biological activity that is common to native 
human interleukin-2. Substantial identity of amino acid sequences means the sequences are identical or 
differ by one or more amino acid alterations (additions, substitutions) that do not cause an adverse 
functional dissimilarity between the synthetic protein and native human interleukin-2. Examples of such 
recombinant proteins are the IL-2s described in European Patent Application 83101035.0 filed February 3, 
10 1983 (published October 19, 1983 under publication no. 91539), European Patent Application 82307036.2 
filed December 22. 1982 (published September 14, 1983 under no. 88195), European Patent Application 
83306221.9 filed October 13. 1983 (published May 30. 1984 under no. 109748). and the IL-2s described in 
the examples of this application. 

The IL-2 and /3-HIFN particularly preferred herein are muteins of biologically active IL-2 and i8-HIFN in 

75 which one or more cysteine residues which are not essential to biological activity have been deliberately 
deleted or replaced (in the case of )S-HIFN) or replaced (in the case of IL-2) with other amino acids to 
eliminate sites for intermolecular crosslinking or incorrect intramolecular disulfide bond formation. More 
preferably the protein herein is a !FN-p mutein, with the cysteine residue at amino acid position 17 of the 
native counterpart replaced by a serine residue (designated IFN-/3seri7) or an IL-2 mutein with the cysteine 

20 residue at amino acid position 125 of the native counterpart replaced by a serine residue (designated IL- 
2scri25). or with the initial alanine residue of the native counterpart eliminated, or with the initial alanine 
residue eliminated and the cysteine at position 125 replaced by serine (designated des-Ala-Seri 25 IL-2). 

The composition herein is formulated in a medium defined further below containing an effective amount 
of a particular type of stabilizer which is designed to dissolve the protein in the medium and which is non- 
25 toxic and therapeutically compatible. 

The word "inert" in describing the medium refers to media which in the formulation will not interfere 
with the biological activity of the IL-2 or /8-HIFN protein contained in the formulation. 

In general, the recovery, purification and formulation process herein involves fermenting the host 
organism transformed to express the protein, disrupting the cell membrane of the host organism, extracting 

30 the bacterial proteins from the disruptate using low concentrations of a chaotropic agent, recovering the 
protein using a solubilizing agent, extracting the protein with 2-butanol or 2-methyl-2-butanol, subjecting the 
extracted protein to chromatographic purification, precipitating the protein by neutralization, redissolving the 
precipitate in a chaotropic agent, removing the SDS, formulating the protein at pH 9 to 9.5 in the medium 
with the sodium laurate, adjusting the pH of the formulation to between 7.0 and 8.0. inclusive, and 

35 tyophilizing the formulation. 

The preferred embodiment of the process of this invention for formulating recombinant IL-2 produced 
from microorganism hosts Is summarized below. 

The transformed microorganisms may be grown in a suitable growth medium, typically to an optical 
density (OD) of at least about 30 to 680 nm, and preferably between about 20 and 40 at 680 nm. The 

40 composition of the growth medium will depend upon the particular microorganism involved. The medium is 
an aqueous medium containing compounds that fulfill the nutritional requirements of the microorganism. 
Growth media will typically contain assimilable sources of carbon and nitrogen, energy sources, magne- 
sium, potassium and sodium - ions, and optionally amino acids and purine and pyrimidine bases. (See 
Review of Medical Biology, Lange Medical Publications. 14th Ed pp 80-85 (1980).) In expression vectors 

45 involvingihe trp promoter, the tryptophan concentration in the medium is carefully controlled to become 
limiting at the time IL-2 expression is desired. Growth media for E. coll are well known in the art. 

After the cells are harvested from the culture, they may be concentrated, if necessary, to about 20 to 
150 mg/ml. preferably 80 to 100 mg/ml (OD 40 to 300. preferably 160 to 200 at 680 nm) by filtration, 
centrifugation. or other conventional methods. 

50 Following concentration the cell membranes of the transformed microorganisms may be disrupted. The 
main purpose of disruption is to facilitate the following extraction and solubilization steps. Conventional cell 
disruption techniques such as homogenization. sonication, or pressure cycling may be used in this step of 
the process. Preferred methods are sonication or homogenization with a Manton-Gaulin homogenizer. The 
end point of the disruption step may be monitored by optical density, with the optical density of the 

55 suspension typically decreasing about 65% to 85%. In any event, the disruption should break substantially 
all of the cells so that substantially no intact cells are carried through to the solubilization step. Before the 
disruption, the pH of the liquid phase of the concentrate is adjusted, if necessary, to a level that facilitates 
removal of E. coli proteins in subsequent steps, while retaining IL-2 protein as an insoluble complex in the 
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cellular debris. The pH may be so adjusted by adding suitable buffers. In most instances pHs in the range 
of 8 to 8.5 will be used. 

The steps in the recovery process subsequent to the disruption step are primarily designed to separate 
the IL-2 from E. coli proteins to a high level of purity (preferably at least about 95% and more preferably at 
least about 98%TTn good yields while maintaining the IL-2 in a reduced state. Simultaneously, these 
purification processes, in combination, also reduce pyrogenic substances in the final product to a level 
believed to be acceptable for parenteral administration to patients. 

After the cells have been disrupted the particulate matter may be separated from the liquid phase of the 
disruptate and resuspended in an aqueous medium buffered to the optimal pH for the extraction. The 
particulate matter may optionally be washed with buffer at this stage to remove any water soluble E. coli 
proteins therein. In any event, the protein concentration of the cell suspension subjected to the extraction 
will usually be in the range of 5 to 60 mg/ml, preferably 20 to 40 mg/mf. 

The extraction of E. coli proteins from the particulate cellular material may be carried out concurrently 
with the disruption orTequentially following the disruption. It is preferably carried out as a separate step 
IS following the disruption^ The extractant is an aqueous solution of a chaotropic agent (i.e.. a mild protein 
denaturant that dissociates hydrogen bonds and affects the tertiary structure of proteins). The extractant 
selectively removes the bulk of the E, coli proteins from the cellular debris leaving at least a substantial 
portion of the IL-2 associated (contained in or bound to) with the cellular debris. The selectivity is facilitated 
by the hydrophobicity of the IL-2 and the fact that it is in a reduced, insoluble state at a pH near the 
20 isoelectric point of the protein. In addition, a substantial portion of the IL-2 may be present in vivo as 
inclusion bodies of significant mass, as has been the case with other cloned proteins expressed at high 
levels in E. coli. Examples of extractants include sodium laurate, urea, guanidinium hydrochloride 
(guanidinium hydrochloride should not be used when SDS is used as a solubilizing agent), and sodium 
thiocyanate. Urea is preferred. The concentration of the chaotropic agent in the extraction mixture will 
25 depend upon the particular agent that is used and the amount of cellular material in the extraction mixture, 
in the case of urea, concentrations (final) between about 3.5 M and 4,5 M, preferably about 4 M. will be 
used in batch processes at 25* C. if the extraction is run on a continuous basis over longer time periods it 
may be desirable to use lower concentrations. Temperatures in the range of 20* C to 25* C will normally be 
used in extraction, with room temperature being used for convenience. Mixing will typically be used to 
30 enhance contact between the solution and particulate matter and thus decrease the time required to extract 
non-tL-2 proteins from the cellular debris. Kinetic analysis of the extraction process was performed on the 
supernatants using SDS-PAGE. and the extraction was found to be essentially complete by 15-30 minutes. 

Following the extraction, the mixture may be separated into solid and liquid phases. The lL-2 in the 
solid phase is then selectively solubilized by contacting the solid phase with a neutral, aqueous buffer 
35 containing a reducing agent and a solubilizing agent. Surface active agents (detergents) that have a suitable 
hydrophobic-hydrophilic balance to solubilize the hydrophobic IL-2 may be used. Alkali metal sulfates 
containing 10 to 14 carbon atoms and alkali metal alkyJ sarcosinates are preferred solubilizing agents, with 
SDS and sarcosyl being particularly preferred. 

The amount of solubilizing agent used in the solubilization will depend upon the particular agent. When 
40 SDS or sarcosyl are used, the preferred ratio (w/w) of SDS/sarcosyl to solid phase protein is about 0.5:1 to 
1.4:1. The solubilizing medium also contains a sufficient amount of reducing agent to prevent the solubilized 
IL-2 from undergoing oxidation to any significant degree. Protein reducing agents such as dithiothreitol 
(DTT) and 2-mercaptoethanol may be used. The concentration of reducing agent such as DTT in the 
medium will usually range between 5 to 20 mM. The solubilization will typically be tarried out at 
45 temperatures in the range of 20* C to 25* C with mixing to facilitate contact between the solid phase and 
the solubilizing medium. Higher temperatures may solubilize unwanted E. coli proteins. The solubilization is 
considered complete when the sample has sat 15 minutes or the solution turns translucent. Insoluble 
material is separated after completing the solubilization. 

After the IL-2 is solubilized the IL-2 may be extracted from the aqueous solution under reducing 
50 conditions with 2-butanol or 2-methyl-2-butanol to remove additional E. coli proteins, notably including 
certain contaminants that have molecular weights very close to the IL-2. Conditions (e.g.. ionic strengths in 
the range of 0.05 and 0.15) at which the aqueous solution and butanol are substantially immiscible are 
used. In carrying out the organic extraction the protein concentration of the aqueous solution is preferably 
adjusted, if necessary, to less than about 6 mg/ml. preferably 0.5 to 4 mg/ml. Reducing conditions are 
55 maintained by carrying out the extraction in the presence of a reducing agent (e.g.. DTT). The butanol will 
normally be added to the aqueous solution of solubilized IL-2 in volume ratios in the range of 1:1 to 3:1 
(extractant:aqueous solution), preferably about 1:1. The extraction may be carried out in a batch or 
continuous operation. The temperature will normally be in the range of 20* C to 100 C and the pH will 
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normally be 4 to 9. preferably 5 to 6. The time of contact between the solution and the butanot is not critical 
and relatively short times on the order of a few minutes may be used. After the extraction is complete, the 
aqueous phase and butanol phase are separated and the IL-2 is separated from the butanol phase. A 
preferred procedure for separating the IL-2 from the butanol phase is acid precipitation. This is done by 
5 adding the butanol phase to aqeuous buffer. pH 7.5, until the organic phase is dissolved (approximately 2-3" 
volume buffer per volume of organic), and then lowering the pH to 5.5 to 7.0. preferably 6.0 to 6.2. to cause 
the IL-2 to precipitate. 

In a subsequent step the IL-2 may be separated from any E coli contaminants remaining after the 
extraction(s) and optimally from the solubilizing agent. Gel filtration" chromatography. RP-HPLC, or a 
10 combination of gel filtration chromatography and RP-HPLC is used. The gel filtration chromatography is 
preferably carried out in two stages that remove both pyrogenic components and protein contaminants 
having molecular weights higher or lower than IL-2. (IL-2 has a molecular weight of about 15.5K daltons.) 
Gels that are capable of fractionating the solution to permit separation of the IL-2 from these contaminants 
are commercially available. Sephacryl S-200 is a preferred gel for removing the higher molecular weight 
75 components and Sephadex G-25, G-75 or G-100 gels are preferred for removing the low molecular weight 
contaminants. The gel filtrations will typically be run in buffered solutions (pH 5.5 to 7.0) containing about 
0.1% to 1.0% solubilizing agent and about 1 to 10 rr\M reducing agent. The column will be sized to permit 
suitable resGlution of the desired components. 

RP-HPLG is an alternative to gel filtration. Also, RP-HPLC is capable of removing molecules from the 
20 solution that have molecular weights close to IL-2 and cannot, therefore, be removed completely by gel 
filtration. In addition, contaminants such as bacterial endotoxin are also removed effectively by RP-HPLC. 
Therefore, RP-HPLC may also be used as a final purification step after gel filtration. Supports (stationary 
phases) that provide good resolution of proteins may be used in the RP-HPLC. C-4, C-8, or C-18 on 300 
angstrom pore-size supports are examples of preferred supports. The separation is carried out at an acidic 
25 pH of less than 2.3, usually 2.1 to 2.3. in order to keep the IL-2 in solution. In this regard, the pH of the 
solution from the solubilization (gel filtration) will preferably be adjusted to this range. The solution is loaded 
Into the RP-HPLC column and is adsorbed onto the stationary phase. A gradient solvent system comprising 
an organic acid such as acetic acid or trifluoroacetic acid and organic solvent such as propanol or 
acetonitrile may be used to elute the IL-2 from the column. Acetic acid-propanol, trifluoroacetic acid- 
30 propanol, and trifluoroacetic acid-acetonitrile are preferred solvent systems. IL-2 elutes in the acetic acid- 
propanol system at about 40% propanol. in the trifluoroacetic acld-propanol at about 50% propanol. and in 
the trifluoroacetic acid-acetonitrile system at about 62% acetonitrile. For convenience, the organic solvent 
content of the elutant will usually be increased rapidly to a level somewhat below the solvent concentration 
at which the IL-2 elutes followed by a slow gradient change in the range of about 0.1% to 1.0%/min. The 
35 most preferred solvent system is trifluoroacetic acid-acetonitrile. especially 0.1% trifluoroacetic acid- 
acetonitrile, because it is a higher resolution system than the acetic acid-propanol system. 

As soon as the IL-2 is recovered from the chromatography step it is precipitated by neutralization with a 
base such as Na2HP0A or NaOH and redissolved in a chaotropic agent as defined above, subjected to gel 
filtration desalting column such as a G25 Sephadex column. The chaotropic agent may be, for example, 
40 sodium laurate, guanidine hydrochloride, urea or sodium thiocyanate. Preferably it is sodium laurate or urea. 
Generally the redissolving takes place in the presence of a neutralizing base depending on the solvent 
system used for the previous chromatography step. 

After desalting, the IL-2 is collected and combined with an effective amount of sodium laurate to 
dissolve the IL-2. The exact amount of sodium laurate employed will depend mainly on the ultimate pH of 
45 the formulation, as well as the concentration of IL-2. Generally, an effective amount at about pH 7.5 is from 
0.01% to 0.1% by weight per volume, preferably 0.03 to 0.1% by weight per volume. Below 0.01% the 
sodium laurate is not effective as a solubilizing agent; above 0.1% the IL-2 will precipitate from the solution. 
At a higher pH these optimum concentrations may vary. 

The initial mixing of IL-2 and sodium laurate in water will take place at pH 9-9.5. After the ingredients 
50 are mixed the pH is adjusted downward to 7.0 to 7.8 inclusive, and the components are again mixed. The 
specific pH is critical because at certain pH values within the range of 7.0 to 8.0 the protein will not be 
soluble or the sodium laurate will precipitate or otherwise be ineffective. For example, if the pH is adjusted 
to below 7.4-7.5 the sodium laurate will precipitate as lauric acid. A final pH of 7.5 to 7.7 is therefore 
preferred. 

55 The reagents used to adjust the pH upward or downward are not critical. Thus, any base, preferably an 
inorganic base such as dibasic sodium phosphate (Na2HP04). sodium hydroxide, or ammonium hydroxide, 
may be used to adjust the pH to 9-9.5. and any acid, such as HCI. maleic acid, lactic acid, tartaric acid or 
citric acid, may be used to adjust the pH downward. The acid is preferably used in concentrated form so 
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that the amount used will not effectively dilute the mixture so as to precipitate the IL-2. 

For parenteral administration the IL-2 will be formulated in a unit dosage injectable solution form .n 
association with a pharmaceutically acceptable parenteral vehicle. Such vehicles are inherently nontoxic and 
nontherapeutic. Examples of such vehicles are water, saline, Ringer's solution, dextrose solution, and 5/. 
human serum albumin in water. Nonaqueous vehicles such as fixed oils and ethyl o^ate may also be used. 
Liposomes may be used as carriers. The vehicle may contain minor amounts of additives such as bulking 
substances or toxicity modifiers such as glycerine, lactose, mannitol or dextrose, oleaginous veh.cles such 
as benzyl benzoate. lubricants, suspending agents, chelating agents, stabilizers, or substances that enhance 
isotonicili and chemical stability, e.g., buffers such as tartaric acid, antlmicrot).al ^'^^^i;'^^;^?^^'''^ 
phenol, and antioxidants such as acetone sodium bisulfite. The lL-2 will typically be 
vehicles at concentrations of 0.1 mg/ml to 10 mg/ml. preferably 0 2 to 5 mg/ml. A preferred additive for the 
IL-2 formulation is mannitol, in a concentration of 2.5 to 5.0% by weight of the formulation. 

After the formulation has been adjusted to a pH of 7.0 to 8.0. the fom,ulation .s P^f^^^ly filtered to 
obtain a clear solution if the pH is adjusted to less than 8.0 as opposed to exactly 8.0, Yoph'l'zed and 
finally resuspended In a neutral aqueous buffer containing the reducing agent (if necessary to keep the IL-2 
in a reduced state) and the sodium laurate (to keep It In solution). The IL-2 Is stable In this form and may be 
stored for further treatment and formulation before being used. ■ , m- .k^ 

Figure 1 illustrates the details of the individual process steps of the present invention including the 
culture of the transformed microorganisms in an appropriate fermentation medium through the final step 
where the purified IL-2 is lyophilized for reconstitution into therapeutic formulations. In this scherne a further 
step involves oxidation of IL-2 after it has been separated by gel filtration and punfication of the oxidized 
product by RP-HPLC or gel filtration followed by RP-HPLC. This results in efficient removal of contaminants 
surviving the gel filtration as well as unwanted oxidation products. A preferred oxidation procedure .s o 
oxidize a fully reduced microbially produced synthetic IL-2 having an amino acid sequence substantially 
identical to a useful IL-2. which sequence includes cysteines which in the useful IL-2 are mked in- 
tramolecularly to form a cystine in a controlled manner so that the cysteines are oxidized selectively to form 
the cystine. In this process the fully reduced microbially produced synthetic IL-2 is reacted with an ox.dizing 
agent that oxidizes cysteines selectively in an aqueous medium at a pH at least about one-hal pH unit 
below the pK, of said cysteines. The concentration of synthetic protein in this reaction mixture is less than 
I 30 about 5 mg/ml and the mol ratio of oxidizing agent to protein is at least stoichiometnc with the P^o^jso J^^^t 

the oxidizing agent is in excess in the terminal portion of the reaction. One preferred oxidizing agent s o- 
f Ldosobenzolc acid. RP-HPLC purification of the oxidized product may be carried out under the cond. ons 

described above in the absence of a reducing agent and in the presence of a detergent at a concentration 
equal to orless than those used in the above described gel filtration. » =.hn„t 

The purity of the IL-2 after the chromatography step(s) Is at least about 95% and usually at 'east about 
98%. This highly pure material contains less than about 5 ng endotoxin, usually less than about 0,01 ng 
endotoxin per 1.000,000 International Units lL-2 activity., . > .hon rnii«rtPd bv 

The HPLC pool of oxidized IL-2 is precipitated by adding NajHPO.. The precipitate is then collected by 
centrifugation and redissolved in sodium laurate and Na.HPO*. The ^^-^'^f P^^^'J"*" ',f 'VlL.2 
gel filtration column, such as a Sephadex G-25 column, and the IL-2 is collected from the co'umn. The I L 2 
collected is virtually free of solubilizing agent and sodium laurate. This collected IL-2 is then formulated with 
the sodium laurate at pH 9.1 and then the pH is adjusted to 8.0 using 1 M HCl. 

The formulation is then lyophilized and ready for use. This process results in a formulation which 

virtually free of SDS. yet is in solution form. ..... u 9 at nH 9 i is 

Figure 2 illustrates the embodiment where the formulation of sodium laurate and '^-2 at I^H 9.1 1^ 
adjusted to a pH less than 8.0 with 1 M HCl. In this instance, the adjusted composition is preferably filtered 
to remove excess sodium laurate to obtain a clear solution and is then lyophilized. n^rlnheral 
The IL-2 composition herein may be used to enhance the proliferative responses of human peripheral 
blood mononuclear cells or murine thymocytes, to enhance the immune response ,n '^"'^^"^ ^""^ '"^"^^f^ 
against bacterial, parasitic, fungal, protozoan and viral infections, and to support the growth of continuous 

In a'preferred embodiment for formulating ^-HIFN, the individual process steps are summarized below: 
growing the transformed bacterial hosts in an appropriate fermentation medium; 
concentrating the bacteria in the fermentation medium by cross-flow filtration; 
mechanically homogenizing the bacteria to disrupt the cell walls of the bacteria; 
separating solid cellular material from the remainder of the homogenate by «"\"'"9a"°";^ .^^ . , 
solubilizing the solid cellular material by suspending it in an aqueous solution of sodium dodecyl sulfate 
(SDS) at a protein to SOS ratio of about 1 :3; 
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extracting the /3-HIFN from the aqueous phase with 2-butanol or 2-methyl-2-butanol or mixtures thereof 
by continuous cocurrent extraction; 

heating the 2-butanol or 2-methyl-2-butanol phase to about 60 C for about 10 to 20 nninutes; or 

aging the 2-butanol phase overnight: |: 
s centrifuging the mixture and discarding the precipitated impurities; 

contacting the 2-butanol or 2-methyl-2-butanol phase with an aqueous buffer and adjusting the pH of 
the mixture to about 5.5 to precipitate the /S-HIFN; 

collecting the precipitated iS-HIFN by centrifugation; 

solubilizing the j9-HIFN with distilled water or with an aqueous solution of sodium dodecyl sulfate at a 
10 protein to SDS ratio of about 1 :3; 

adjusting the pH of the solution to about 9.5 and reducing the solubilized i3-HIFN with dithiothreitol; 

purifying the reduced ^-HIFN by chromatography; 

collecting the eluted fraction of the purified i3-HIFN; 

further purifying the i3-HIFN by gel chromatography; 
IS collecting the eluate containing the purified /3-HIFN; 

adding sodium laurate to the eluate; 

adjusting the pH of the eluate to about 9-9.5; || 
mixing the formulation; 'i^- 
adjusting the pH of the formulation down to pH 7.0 to 8.0; 

20 and lyophilizing the /S-HIFN sample, if desired. S * 

Ten mM dithiothreitol may be optionally included in the initial solubilization step and the mixture heated '"^ ! 
to about 90* C for about 10 minutes. 

The microorganisms transformed with /3-HIFN encoding genes are grown in a suitable growth medium. 
typically to an optical density (OD) of at least about 10 at 680 nm. and preferably between about 50 and 1[ 

25 100 at 680 nm. The composition of the growth medium will depend upon the particular microorganism 
involved. The aqueous growth medium contains compounds that fulfill the nutritional requirements of the 
microorganism of choice. Growth media will typically contain assimilable sources of carbon and nitrogen, 
energy sources, magnesium, potassium and sodium ions,, and optionally amino acids and purine and 
pyrimidine bases. (Review of Medical Microbiology, Lange Medical Publications. 14th Ed pp. 80-85 (1980)). 

30 Growth media for E. coli are well known in the art. Depending upon the particular solubilizing agent used in 
the invention processlTmay be desirable to minimize the amount of substances in the growth medium that 
may decrease the solubility of the solubilizing agent in water. For instance, potassium ions affect the 
solubility of SDS and. therefore, should be kept to a minimum when SDS is used in a solubilizing agent in 
the process, or removed by diafiltration following the concentration step, 

35 Once the culture has reached the desired cell density, the cells are optionally killed or inactivated by 
heating or adding to the medium a cytotoxic agent such as chloroform or toluene that may be removed 
easily after the cells have been killed. The celts are thereafter optionally concentrated to about 20 to 150 
mg/ml, preferably 80 to 100 mg/ml (OD 40 to 300. preferably 160 to 200 at 680 nm) by crossflow filtration, 
centrifugation, or other conventional methods. 

40 Following the concentration step, the cell membranes of the microorganisms are disrupted to facilitate 
the solubilization of the particulate matter in the concentrate.. fi-HlFN assays for biological activity indicate 
that much of the interferon is associated with (i.e.. contained in or bound to) the cell membrane. 
Accordingly, disruption of the cell membrane enhances the contact of the solubilizing agent with the 
membranes and thus increases the rate at which the interferon associated with the membrane goes into 

45 solution. Conventional cell disruption techniques such as homogenization. sonication. or pressure cycling 
may be used In this step of the process. A preferred method is using a bead mill or a pressure 
homogenizer. Either before or after the disruption, the pH of the liquid phase of the concentrate or 
disruptate. as the case may be, is adjusted, if necessary, to a level that facilitates dissolution of the 
solubilizing agent and the particulate matter in the concentrate/disruptate. The pH may be so adjusted by 

50 adding suitable buffers or NaOH, In most instances a pH in the range of 7 to 8 is preferred. 

After the cells have been disrupted the particulate matter can be separated from the liquid phase of the 
disruptate and resuspended in an aqueous medium buffered to the optimal pH for solubilization. The protein 
concentration of the cell suspension after solubilization is in the range of 2 to 15 mg/ml. preferably 6 to 8 
mg/ml. 

55 The solubilization of the particulate cellular material, including the /3-HlFN. can be carried out concur- 
rently with the disruption or sequentially following the disruption. It is preferably carried out as a separate 
step following the disruption. The solubilization is preferably carried to completion - that is. substantially all 
of the particulate matter (e.g.. protein, lipids, nucleic acids, phospholipids) in the disruptate is dissolved into 
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the aqueous medium. Substantially complete dissolution of the particulate matter is achieved by adding an 
appropriate solubllizing agent to the aqueous suspension. Surfactants (detergents) which have a suitable 
hydrophoblc-hydrophilic balance to solubilize i9-HIFN and which form a complex with ^-HIFN that can be 
extracted into the organic phase can be used in the invention. Strong natural or synthetic anionic surfactants 

5 such as alkali metal salts of fatty acids and alkali metal alkyi sulfates may be used. Such agents will usually 
contain 10 to 14 carbon atoms. Sodium dodecyl sulfate (SDS) and sodium laurate are particularly preferred 
solubllizing agents. Examples of other solubilizing agents that can be used in the process include but are 
not limited to sodium dodecyl sulfonate, sodium decyl sulfate, sodium tetradecyl sulfate, sodium tridecyl 
sulfonate, sodium myristate. sodium caproylate. sodium dodecyl N-sarcosinate. and sodium tetradecyl N- 

10 sarcosinate. 

The amount of solubllizing agent used in the solubilization depends upon the particular agent and the 
amount of protein to be solubilized. In most instances, solubilizing agent to protein weight ratios in the 
range of about 1:1 to 10:1 are sufficient. When SDS is used, an SDS to protein ratio of 1:1 to 5:1. preferably 
about 3:1. Is used. Temperatures in the range of 15' c to 60* C are normally used In the solubilization. 
;5 Mixing may be employed to enhance contact between the solution and particulate matter and thus decrease 
the time it takes to dissolve the cellular matter. The solubilization is considered complete when the solution 
is substantially clear. ODs of about 4.0 to 8.0 at 280 nm are characteristic of the end point of the 
solubilization process. 

Following the solubilization, the ionic strength of the solution is adjusted. If necessary, to a level at 
which the solution and organic extractant are substantially immiscible. The ionic strength is in the range of 
about 0.05 to 0.15. Inorganic salts, incuding NaCI and the like, are added to the solution for this purpose. 
Such ionic strengths enable phase separation after the extraction. The extractants used in the process are 
alcohols such as 2-butanol, 2-methyl-2-butanol, or mixtures thereof. The mixtures preferably contain less 
than about 50% by volume of 2-methyl-2-butanol. 2-Butanol is the preferred extractant. The ability of these 
alcohols to extract human /3-IFN from the solubilizate is specific. The extractant is normally combined with 
the aqueous solution of ^-HIFN in volume ratios in the range of 0.8:1 to 3:1. preferably about 1:1 
(extractant:aqueous solution). The extraction can be carried out using conventional batch or continuous 
liquid-liquid extraction techniques and equipment. The extraction is normally carried out at about 20 C to 
100* C and involves contact times in the range of about one minute to one hour. The optimum contact time 
depends upon the particular solubilizing agent and extractant combination. When SDS is used, shorter 
times in the above range can be used. When sodium laurate is used, longer times in the range must be 
used. The pH of the extraction mixture ranges between about 6 and 9. with a pH of about 7.5 being 
preferred when SDS Is used and a pH of about 8.5 when sodium laurate is used. 

Upon completion of the extraction, the aqueous phase and extractant phase are separated and the ^- 
35 HIFN is isolated from the extractant phase. The particular isolation procedure used depends upon the 
solubilizing agent involved and the desired degree of purity of the final product. Various isolation techniques 
such as precipitation, molecular sieve chromatography, affinity chromatography, and electrophoresis are 
employed. In instances in which SDS Is used, the ^-HIFN together with other proteins are precipitated from 
the extractant by mixing the extractant solution with aqueous buffer at volume ratios of 2:1 to 5:1. preferably 
40 about 3:1, and reducing the pH. typically to the range of about 5 to 7. The recovery of ^-HiFN in the pH 
range of 4 to 8 shows a downward trend in the recovery of the protein with increasing pH. with an 
appreciable loss in the recovery of greater than 60% at a pH of about 8. Separation of the precipitate from 
the supernatant and evaporation of residual extractant from the precipitate provide a product that is greater 
than about 90% pure protein provided that the pH of the precipitation step is greater than 5:5. This product 
45 also contains minor amounts of nucleic acids (<1% to 2% by weight) and SDS (<1% w/v). After further 
purification by methods known in the art. including but not limited to chromatography, sodium laurate is 
added at a pH of about 9 to 9.5 as described above for IL-2. and then the pH is adjusted to about 7.0 to 8.0 
as described above. Prior to addition of sodium laurate the iS-HIFN may be optionally reduced with 
appropriate reducing agents. Mercaptoethanol, glutathione, cysteine and dithiothreitol (DTT) are normally 
50 employed, DTT being the most preferred. 

The i8-HIFN thus isolated can be lyophllized or stored in solution pending use. Nontoxic, non- 
therapeutic, nonimmunogenic stabilizers may be optionally added to the ^-HIFN. Diluents that can be used 
in the solutions for therapeutic or clinical administrations are selected from aqueous based vehicles 
commonly used to formulate pharmaceuticals for animal or human administration. The diluent should, of 
55 course, not affect the biological activity of the iS-HIFN. Examples of such diluents include distilled water, 
physiological saline, Ringer's solution, dextrose solution, and Hank's solution. The same diluents can be 
used to reconstitute lyophilized /9-HIFN. 

The /3-HIFN formulation may be used for anti-viral, anti-cancer, immunoregulatory and other therapeutic 
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formulation, e.g.. its protein concentration, the patSm L the plrntrhis^rThr ° '^l' ^'^'""'^^ 
administered will typically be in the range of O.Mo ,0 mgC patnt wei t °' 
The invention process is further described by the following examples 
In the examples all parts and percentages are given bv weiaht n^r >/ni„m^ i, . 
given by degrees Centigrade unless otherwise noted. ^ ' '"'^ '^""P^'^'^'^^ are 



EXAMPLE 1 



A mutein IL-2 designated des-Ala Ser.as IL-2 was recovered from E mii th« ^ 
this (L-2 is different from that of the native molecule ir, th^rcyZe-at^s ln S "^T"^ °' 
to serine and the initial N-terminal alanine residue is missino The stJrn 1 « n o '"^^"9^ 

con used in this example was deposited at the AmeS Ccut « ^ S^on on' 'h t'ls^ 
accession number 39.626. vunure wjiiection on March 6. 1984 under 

The E. coli thus transfom,ed were grown in a fermenter using the following growth medium. 



(NH4)2$04 


150 mM 


KH2PO4 


21.6 mM 


Naj Citrate 


1.5 m 


ZnS04 7H2O 


30 mM 


MnS04 -820 


30 mM 


euS04 • 5K2O 


1 mM 



pH adjusted td e.'SO Vith 2.5 N NaOH 
autocUved 

Sterile Additions (post autoclave) 

^gS04-7H20 3 rrW 

f'eSD4 100 

L-tryptophan 14 mg/1 

Thiamlne-HCl ?0 mg/1 
Glucose 5 g/1 

Tetracycline 5 mg/T 

EthanoT (optionailj 2X " 

Casamino acids 2% 



T^e S'oMhtTrr ?■ ^"'^ '^O"' were added on demand 

^.Z fan? iTgnre;^^^^^^^^^^^^^ - — 

rhed°r;2r -^^^ — - abouiT h™ ma;e^th;::hi^nrerrx: 



« g (wef XTorh?'crT?~ centrifugation. Twenty ,o forty 

a (wet weight) of the concentrate were resuspended in 200 ml of 50 mM Tri«!'Hri i 
ethylenediaminetetraacetic acid (EDTA) (pH 8 1-8 5) <Tris/EDTA hHff«r» Th» . ' 
3,000-4 000 X a for 10 min„to<. tho o „ . M-^) ( I ris/EDTA buffer). The Suspension was centrifuged at 

Tris/EDTA buffer a 4'c rtV '^^e solids were resuspended in 200 ml 

is/tDTA buffer at 4 C. The suspension was loaded into a sonicator (Heat Systems, Model W-375) and 
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sonicated at 4*C for 45 minutes (end point = ODeso reduction of about 85%) using large probe, pulsing 
with 50% duty on power setting "9". An alternative disruption technique is to pass the suspension three 
times through a Manton-Gaulin homogenizer. Cellular debris was separated from the disruptate by 
centrifuging at 4,500 x g for 10 minutes. 

The cellular debris was suspended in 50 mM Tris'HCI. 1 mM EDTA pH 8.5 buffer at room temperature 
at a ratio of about 1:4.5 (w/v). Oithiothreitol (DTT) was added to a final concentration of 25 mM. 8 M urea in 
the same Tris/EDTA buffer was slowly added to the suspension over 5 minutes with rapid stirring (final urea 
concentration. 4 M). After continued slow stirring at room temperature for 30 minutes, the suspension was 
centrifuged at 12.000 x g for 15 minutes to recover extracted cellular debris. (If a solid phase does not form, 
the supernatant is withdrawn, and equal volume of Tris/EDTA buffer is added and the mixture is 

Th?ext!acted cellular debris was then resuspended in 9 ml of 50 mM sodium phosphate, 1 mM EDTA 
at pH 7.0. The suspension was then solubilized by adding solid SDS to the suspension to a final 
concentration of 5% w/v. 

The 5% SDS solution was diluted to 2% SDS with 0.1 M Na^HPO*, pH 8.0. The protein concentration 
was determined, the pH was adjusted to 8.5. and DTT to 50 mM and EDTA to 2 mM were added^ The 
mixture was heated to 40* C under N, to reduce the IL-2. The mixture was then cooled and the pH was 
adjusted to 5.0. 

The solution was then extracted at a 1:1 ratio (v/v) with 2-butanol containing 1 mM DTT at room 
temperature.. Residence time was 2-2.5 minutes. The extraction was carried out in a liquid-liquid phase 
separator using a flow rate of 200 ml/min. The organic extract was separated and its pH was adiusted to 8.0 
with NaOH. The extract was then added slowly to 0.1% SDS in 10 mM NazHPO.. 2 mM DTT, pH 6 and 
stirred for 15-20 minutes. The resulting precipitate was separated and the resulting paste was resuspended 

in 5% SDS in PBS. ^ ^ 

The solution was clarified by centrifugation and then 200 ml of the clarified solution was reduced using 
10 mM DTT in the presence of 2.5 mM EDTA at pH 8.0 and 60'C for 30 minutes. The suspension was 
centrifuged at 35K for 2 hours. The supernatant (35 ml) was loaded on a S-200 (K-50,. Pharmacia) column 
and eluted with acetate pH 5.5 (50 mM). DTT (2 mM). EDTA (1 mM) and SDS (0.1%) at a rate of 1.5 
ml/min. The S-200 pool (270 ml, A280 = 1 .77) was about 33% pure as determined by HPLC. 

A portion of the S-200 pool (35 ml) was acidified with trifluoroacetic acid (TFA) to pH 2.0, and then 
loaded at 2.5 ml/min. on a semi-preparative (1.3 cm) C-4 Vydac column that was freshly prepared. This was 
done three times with 35 ml each loading. The solvent used for this semi-preparative purification was 
acetonitrile (0.1% TFA, buffer B) and the gradient that was used was 0% to 45% buffer B ini5 minutes 
followed by 45% to 75% of B in 200 minutes. The IL-2 pool came out as 76 ml (three runs) with an 
A28o=0 326 that corresponds to about 25 mg of IL-2 and which is about 15% yield. This HPLC run was 
diluted into 1600 ml of Na^HPC* buffer (0.1 M. pH 7.0, 0.1% SDS) and then concentrated to 50 ml by using 
an Amicon cell equipped with a 76 mm PM-10 membrane. The concentrate was washed with three volumes 
of 50 ml each of NajHPO* (50 mM) pH 7 buffer which contained 0.1% SDS. The final volume was 43 ml 

"^''""Brf^re th~e°oxkjation was carried out, the total thiol content of the protein solution was determined with 
2 2'-dithiodipyridine. This determination was . necessary in order to calculate the minimum theoretical 
amount of o-lodosobenzoic acid that had to be added to the IL-2 solution to achieve complete oxidation 0- 
lodosobenzoic acid solution (1 mM. 50 ml) was prepared by dissolving the compound (13.4 "^Q) '" about 45 
ml of H2O by sonicating the mixture for a few minutes and then by stin-ing and slowly adding NaOH (1 N) to 
dissolve the acid. The alkaline solution was added to obtain a final pH of 8.0 to 8.5. The volume of the 
oxidant solution was adjusted to a final volume of 50 ml. A sulfhydryl group determination was done in orde 
to determine the total amount of oxidant needed for a complete oxidation. This corresponds to the total thiol 
concentration divided by two plus a 15 micromolar excess of the oxidant. The controlled ox'dation was 
performed by adding the o-iodosobenzoic acid solution at a flow rate of 0.5 ml/hour to the lL-2 solution (50 
mM NajHPO.. pH 7 or 7.5). The degree of the oxidation was monitored by reverse phase HPLC_^ '"e 
oxidation was stopped by lowering the pH of the solution to 5.5 using concentrated acetic acid, hhlo 
analysis of the oxidized product showed that it comprised about 80% of the desired oxidized IL-2. about 
13% undesired isomers (the isomers were collected, assayed for IL-2 activity and found to be inactive) and 
about 6% reduced (unoxidized) IL-2. . ^ oc ^^h.mn 

The oxidized product was separated from iodosobenzoate and iodobenzoate by G-25 column 
chromatography using 0.1% SDS, 50 mM sodium acetate. 1 mM EDTA, pH 5.5. The IL.2 was then 
separated from the solution by RP-HPLC as follows. The solution was diluted 10-fold in 0.1% tnfluororacet.c 
acid (TFA) and was applied to a 4.6 mm I.D. x 5 cm L. Brownlee Aquapore RP-300 column equilibrated in 
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m nnJ Th I was eluted with a gradient of 30-60% acetonitrile containing 0.1% TFA over 45 
minutes. The resulting purified recombinant 11-2 product had an IL-2 content greater than alx>ut gsi 2 
determined by reducing SOS-PAGE analysis and an endotoxin content of lesrthan ab^ut n^ 
nanogranis/mg of lL-2. and It was substantially free of pyrogens as determined by the U S ^ abbi 
pyrogen test at a dosage of 3.3 x 10' U/kg. 

IL 2?n%T^'' r t! " ^'^""'^ ^ °' P^°<=«ss may be used to produce 

IL-2 on a larger scale. Thus, there may be (1) minor changes In the buffers. (2) use of an acet?^ a^ 
propane solvent system in the RP-HPLC. and (3) the inclusion of post-oxidation d Zn/lSS^^^ 
gel filtration, and ultrafiltration steps. The process up to HPLC as shown in Rgure 1 may bTmodified wiS 

71 OH o ^tI ° In^V^ concentration and then diafiltered against 10 mM phosphat^uffe? 
dosage concentrated as required for appropriate use 

A total of 100 ml of the HPLC pool described above containing 250 mg oxidized, purified IL-2 in 0 1% 
trifluoroacetic acid and 60% acetonitrile was precipitated by adding 6 ml of 0.5 M Na.HPO. to tl^e p<Lt 
The precipitate was then collected by centrifuging at 5.000 x g for 15 minutes. The so Id centriLate^s 

Sephadex G-25 column. 5 x 80 cm using a column buffer of 10 mM Na^HPO*. pH 9.1 and a flow rate of 20 
mlM,,n The IL-2 was then collected from the column in a pool of 150 ml conta nSig 1.5 rJg ^2 per ml ke 
concentraton Of sodium laurate in this pool was less than or equal to 0.01% and the SDS concentration^ 
determined by the acridine orange assay method for SOS described by Anal BiocheriTriS; J 
(1981). was less than or equal to 0.4 ug/mg IL-2 ijjjom. mo, iob i41 

a pJif s'-tr^ST™,^ : „7 ''^ """^ ^ 



0.25 mg/ml 
Sodium laurate 0.07% 
Na2HP04 10 m 

Mannitol st 



knoJnIechCef ' ' *° "^'"^ ' '^^^ '^^P'^i'-^d by 

The lyophllized formulation was virtually free of SOS. yet the IL-2 was still soluble in the formulation. 
EXAMPLE 2 

This example illustrates the effect of final pH on solubility of the IL-2. The procedure of Example 1 was 
followed except that the formulation at pH 9.1 had final concentrations of: 



40 



4S 



SO 



55 



^•■"2 0.25 mg/ml 

Sodium laurate 0.03% 

Na2«P04 10 nfl 

Mannitol 2.5% 

ad usted to pH 7.5 with 1 N HCI to yield a clear (IL-2 soluble) solution and one adjusted to pH 7 0 to vield a 
solut^n which is Slightly ha.y, indicating some IL-2 insolubility. The formulation when adfusted to pH 6 5 

a pH of 7.5. the solution became almost completely clear. 
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9.75 ml of the IL-2 pool 
0.5 ml 0.5 M Na2HP0* 
5.0 ml 25% mannitol 



10 



1 1 .0 ml H2O nH 7 5 turned hazy, indicating that the IL-2 was not soluble therein. 



ingredients: 
9.75 ml of the IL-2 pool 
0.5 ml 0.5 M Na2HP04 
;5 2.5 ml mannitol (25%) 
0.25 ml 1% sodium laurate 



10 ml H2O inHiratina that the IL-2 was soluble in the mixture. 



20 ingredients: 

9.75 ml of the IL-2 pool 
0.5 ml 0,5 M Na2HP04 
2.5 ml mannitol (25%) 
2.5 ml 1% sodium laurate 



25 



10 ml H2O , . *t,at fho II -P was soluble in the mixture. 



ingredients: 
9.75 ml of the IL-2 of this example 
30 0.5 ml Na2HP04 
2.5 ml 25% mannitol 
1.5 ml 1% sodium laurate 
8 ml H2O 



35 



8 ^^0 . . ^ ^i^g solution remained clear. 

When the pH of this formulafon was ^<^"^«^ ^^^^^^^^ so^Sm Taurate at pH 7 was prepared using the 
A control formulation containing 1% SD5 ratner man suuiui 



following concentrations of ingredients: 
9.75 ml of the IL-2 pool 
^ 2.5 ml 10% SDS 

4* 0.5 ml 0.5 M Na2HP04. pH 7 

f 40 2.5 ml 25% mannitol 

9.75 ml H2O 



45 



The formulation was found to be clear. ^ ^^^^ sokSauxw laurate 



tions of ingredients: 
9.75 ml of the IL-2 pool 
0.5 ml 0.5 M Na2HP0* 
50 2.5 ml 25% mannitol 

0.25 ml 1% sodium octanoate 



10ml H2O * ^^^r^r^H ciinhtiv hazv when the sodium octanoate was 
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acids tested. 
EXAMPLE 4 



The solvents for RP-HPLC were 6% acetic acid/water and 6% acetic acid/2-propanol in the procedure 
of Exannple 1. The IL-2 elutes at about 40% 2-propanol during gradient elution. The HPLC pool was diluted 
with one volume of 0.8 N sodium hydroxide. The IL-2 precipitated and was collected by centrifugation The 
precipitated IL-2 was then redissolved In sodium laurate and Na2HP04 and formulated as described in 
Example 1. 

It is expected that parenteral injection of the formulations containing the recombinant IL-2 or i3-HIFN 
protein and sodium laurate in effective amounts into patients requiring treatment with the protein will be 
effective because the protein is soluble at physiological pH and the exposure of the protein to strongly 
alkaline pH is eliminated. 

The present invention is seen to provide a pharmaceutical composition suitable for parenteral injection 
into patients which contains recombinant IL-2 or iS-HIFN and an effective amount of sodium laurate. The 
sodium laurate not only has the properties necessary to stabilize the protein but also can be readily 
metabolized once in the blood so that it would not be. for example, concentrated in the liver. Total fatty 
ac!ds, including sodium laurate (sodium dodecanoate), are present in the blood at levels of 2-4 mg/ml or 
about 12 to 20 g total fatty acids in the whole blood system. The injected sodium laurate will bind quickly to 
serum albumin and enter the metabolic cycle of the bulk fatty acids, with no problem of hemolysis or 
sequestration of the sodium laurate. 

In addition, the process herein represents a method of formulating IL-2 or IFN-)9 protein containing less 
than 0.4 ug/ml of SDS. as opposed to current levels of about 5-10 ug/ml of SDS in IFN formulations and 
about 150 ug/ml of SDS in IL-2 formulations. In addition, the proteins obtained by this process are 
substantially free of other materials in the cell membrane disruptate. The process herein results In recovery 
of the proteins in relatively highly pure form with trace or no amounts of SDS. which proteins can be 
reconstituted into therapeutically acceptable formulations. 

Claims 

1. A stable composition suitable for parenteral injection into animals or humans and containing a 
therapeutically effective amount of a recombinant lnterleukin-2 or jnterferon-/9 protein purified to contain 
less than 4 ug sodium dodecyl sulfate per mg protein dissolved in an inert carrier medium comprising 
sodium laurate at a pH of 7.0 to 8.0. 

2. A composition according to claim 1 wherein the protein is a mutein in which a cysteine residue not 
essential to biological activity has been deleted or replaced with another amino acid if the protein is 
lnterferon-i3 or replaced with another amino acid if the protein Is lnterleukin-2, 

3. A composition according to claim 1 or 2 wherein the protein is des-alai ser, 25 IL-2 or Ser,7lFN-)S. the 
medium is aqueous, and the pH is 7.5 to 7.7. 

4. A composition according to any one of claims 1-3 and which has less than 0.4 ug/ml of sodium 
dodecyl sulfate and further contains mannitol. 

5. The use of sodium laurate in stabilizing an lnterleukln-2 or interferon-^ protein so as to render said 
protein suitable for administration to animals or humans. 

6. A process for formulating recombinant interleukin-2 or interferon-;9 protein in an inert carrier medium 
suitable for parenteral administration to animals or humans comprising (a) extracting the protein from a 
disruptate of a host organism transformed to produce the protein, (b) purifying the extracted protein to 
contain less than 4 ug sodium dodecyl sulfate per mg protein, (c) mixing the purified protein with said 
medium at a pH of about 9 to 9.5 in the presence of sodium laurate. and (d) adjusting the pH of said 
mixture to between 7.0 and 8.0. 

7. A process according to claim 6 wherein the disruptate of step (a) is of a cell membrane of a 
microorganism host, the extracting is conducted using sodium dodecyl sulfate, and the concentration of 
sodium laurate is between 0.01 and 0.1% by weight per volume, depending on the pH of the solution. 
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, A process for formulating recombir,ant interleukin-2 or lnterferor.-/5 protein suitable for parenteral 

injection into animals and humans compnsing: ^^ntoininn thfi orotein* 

undesired proteins selectively from f^^^^'J'^^"^^^,^, ^-.u an aqueous solution of a 

TsSShe protein from the resu.ng solution In the presence of the reducing agent; 
lr/°SS::Cti:g^S2^roduct reverse-phase high performance liquid chromatog- 
^precipitating the pool from step (f) and collecting the precipitate; 

rSi^ng"- « »"«n«. ««• » ' 

ffllW^Sng me souition of slep (k) to oM* tte «■»! fonrailalion. 

sodium dodecyl sulfate, said solution containing a reducing agent; 

S sepa?Stg the IL-2 from the resulting solution in the presence of the reducing agent. 

i?ruSrerCoaS= product by reverse-phase high performance liquid chromatog- 

r^St-gnrsJoi^:^^^^^^ 

SrcTm.ning the ... with 0... by weight P;~<Sr^^^^^^^^^^^ 

?iSsrort:n%rrm;s^^^^^^^^^ 

5) lyophilizing the combination from step (k) to obtain the fmal formulation. 

A process for preparing a pharmaceutical ^X^taresT^ ^ ^^^^^^^^^ 

interferon-^ protein to provide said protein purified to '^'^^'"J^^J'^^^^J^ pH of 7.0 to 8.0. 

mg protein dissolved in an inert carrier medium compnsing sodium laurate at a pn o 

Revendlcatlons 

vehicule inane comprenant du laurate de sodium S un pH de 7.0 a 8.0. 



2. 



* r '^.s sti^r s ,^:?rpi - 
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l*interi6ukine-2. 

3. Composition seion la revendication 1 ou 2. dans laquelle (a prot^ine est d^s-alai seri 2s IL-2 ou Seri 7 
IFN-iS, le milieu est aqueux et le pH est de 7,5 k 7.7. 

4. Composition selon Tune quelconque des revendications 1 ^ 3 et qui a moins de 0.4 ug/ml de 
dodecylsulfate de sodium et de plus contient du mannitol. 

5. Utilisation du laurate de sodium dans la stabilisation d'une proteine interleukine-2 ou interferon-/? afin 
de rendre ladite proteine appropri^e k {'administration aux animaux ou h I'homme. 

6. Precede pour la formulation d'une proteine recombinee interleukine-2 ou interf^ron-/5 dans un milieu 
v^hicule inerte approprie a I'administration parenterale aux animaux ou a Thomme, comprenant (a) 
I'extraction de la proteine a partir d'un produit de dissociation d'un organisme hote transform^ pour 
produire la proteine, (b) la purification de la proteine extraite pour qu'elle contienne moins de 4 ug de 
dodecylsulfate de sodium par mg de proteine, (c) le melange de la proteine purifi^e avec ledit milieu a 
un pH d*environ 9 k 9.5 en presence de laurate de sodium et (d) I'ajustement du pH dudit milieu entre 
7.0 et 8.0. 

7. Proc6d6 selon la revendication 6. dans lequel le produit de dissociation de Tetape (a) est celui d'une 
membrane cellulaire d'un microorganisme hote, I'extraction est effectu^e avec du dodecylsulfate de 
sodium et la concentration du laurate de sodium est entre 0.01 et 0,1 % en poids par volume, selon le 
pH de la solution. 

8- Proc^d^ pour la formulation d'une proteine recombinee interleukine-2 ou interf6ron-j8 appropri^e k 
Tinjection parenterale a des animaux et a I'homme. comprenant : 

(a) la dissociation de la membrane cellulaire d'un microorganisme transforme contenant la proteine ; 

(b) I'extraction du produit de dissociation avec une solution aqueuse d'un agent chaotrope qui extratt 
selectivement les prot^ines ind^sirables du materiau cellulaire ; 

(c) la solubilisation de la proteine dans la phase solide du melange d'extraction avec une solution 
aqueuse d'un agent solubilisant qui forme un complexe soluble dans I'eau avec la proteine. ladite 
solution contenant un agent reducteur ; 

(d) la separation de la proteine d'avec la solution obtenue en presence de I'agent reducteur ; 

(e) I'oxydation du produit de I'^tape (d) ; 

(f) la purification du produit oxyde obtenu par chromatographie liquide haute performance en phase 
inverse ; 

(g) la precipitation de Tensemble de I'etape (f) et ia recolte du precipite ; 

(h) la redissolution du precipite en presence d'un agent chaotrope ; 

(i) (e passage du precipite redissous a travers une colonne de filtration sur gel et la recolte de la 
proteine de la colonne ; 

(j) la combinaison de la proteine de I'etape (i) avec le milieu vehicule inerte a un pH entre 9 et 9,5 
comprenant du laurate de sodium ; 

(k) I'ajustement du pH de la combinaison de I'etape (j) entre 7.0 et 8.0 inclusivement. pour obtenir 
une solution ; et (I) la lyophilisation de la solution de I'etape (k) pour obtenir la formulation finale. 

9. Proced^ selon la revendication 8, dans lequel I'agent chaotrope utilise dans I'etape (h) est choisi dans 
le groupe constitue par le laurate de sodium. I'uree. le chlorhydrate de guanidine et le thiocyanate de 
sodium et le syst^me solvant utilise pour la chromatographie dans I'etape (f) est constitu4 d'acide 
trifluoroacetique et d'ac^tonitrile. 

10. Procdd^ pour la formulation de d4s-alai seri 25 IL-2 pour I'administration parenterale h I'homme, 
comprenant : 

(a) la dissociation de la membrane cellulaire d'un E. coli transform^ contenant riL-2 ; 

(b) I'extraction du produit de dissociation avec une solution aqueuse d'uree k un pH basique ; 

(c) la solubilisation de riL-2 dans ia phase solide du melange d'extraction avec une solution aqueuse 
de dodecylsulfate de sodium, ladite solution contenant un agent reducteur : 

(d) la separation de riL-2 d'avec la solution obtenue en presence de I'agent reducteur ; 

(e) I'oxydation du produit de I'etape (d) : 
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10 

11. 

/5 



m la purification du produit oxyd6 obtenu par chromatographie liquide haute performance en phase 

du laurate de sodium k un pH de 7,0 k 8.0. 
Patentanspruche 

ireSen. Narlomlaura enMllenden Tragemiedium be, «nem pH «o. 7.0 b.8 8.0. 

Protein lnterleukin-2 ist. 

30 a Zusammensetzung nach Anspruch 1 Oder 2. in der das Protein des-Ala.Ser,„ .L-2 Oder Ser..FN-fl ist. 
das Medium wasserhaltig und der pH 7,5 bis 7,7 ist. 

4. Zusammensetzung nach einem der Anspruche ^ bis 3. die weniger als 0.4 ug/ml Natriumdodecylsulfat 
aufweist und ferner Mannit enthSlt. 

5. Ver^endung von Natrium.aura. zur Stabilisierung eines Interieukin-a- oder .^^^^^^^ urn das 
Protein fUr die Verabrelchung an Tiere Oder Menschen gee.gnet zu machen. 

"Ta, d» Exfaktion das P,o»lns m> «n»n A»(s*l.« «r„ zu, d.a P...eins ,rans«>.mi„. 

Z ^ZSX^ .««»™" •">-"• ■"° 
;^dT«l d„ 9,re,«en P,«ain, d.«. M«,dm Pa. ^ pH .« 0 « « 

Gegenwart von Natriumlaural und „ ^ o n 

(d) das Einstellen des pH von dam Gemisch zwischen 7.0 und 8.0. 

so 7. Vertahren nach Anspruch 6. in dem der Aufsch.uJ von f ^J^f^^^^J^ "^.f iTd^^^^ 
Losung. ist. 

ss a Verfahren zur Formulierung eines rekombinanten .nterleukin-a- Oder ,nterferon-^-Proteins, geeignet fur 
eine parenteral Injektion in Tiere und Menschen "'^[assend: enthaltenden Mikroorganis- 

(a) das Aufschlieflen der Zellmembran e.nes transform.erten. das Protein entnaiie 

mus; 
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(b) die Extraktion des Aufschlusses mit einer waflrigen Losung eines chaotropen Mittels. das die 
ungewunschten Proteine selektiv aus dem zellulSren Material extrahiert; 

(c) die Solubilisation des Proteins in der festen Phase des Extraktlonsgemisches mit einer waCrigen 
Losung eines solubilisierenden Mittels, das einen wasserloslichen Komplex mit dem Protein bildet. 

5 wobei die Losung ein Reduktionsmittel enthSIt: 

(d) die Abtrennung des Proteins aus der erhaltenen Losung in Gegenwart des Reduktionsmittels; 

(e) die Oxidation des Produktes von Schritt (d); 

(f) die Reinigung des erhaltenen. oxidierten Produktes durch Umkehrphase-Hochleistungsflussig- 
keitschromatographie: 

10 (g) die FMIIung der gesammelten Fraktionen von Schritt (f) und Sammein des Niederschlags; 

(h) das Losen des Niederschlags in Gegenwart eines chaotropen Mittels; 

(i) das Durchlaufen des wieder geldsten Niederschlags durch eine Gelfiltrationssaule und Sammein 
des Proteins aus der Saule; 

(j) das Vereinigen des Proteins von Schritt (i) mit einem inerten. Natriumlaurat enthaltenden 
/5 Tragermedium bei einem pH zwischen 9 und 9,5; 

(k) das Einstellen des pH der Zusammensetzung von Schritt (j) zwischen 7.0 und 8,0 zum Erhalt 
einer Losung; und 

(1) die Lyophilisierung der L6sung von Schritt (k). um die endgUltige Formulierung zu erhalten. 

20 9. Verfahren nach Anspruch 8. in dem das in Schritt (h) venftrendete chaotrope Mittel aus der Gruppe 
Natriumlaurat, Harnstoff, Guanidin-hydrochlorid und Natrlumthiocyanat ausgewahit ist, und das fur die 
Chromatographie in Schritt (f) verwendete Losungsmittelsystem Trifluoressigsaure und Acetonitril Ist. 

10. Verfahren zur Formulierung von des-AlaiSeri25 IL-2 zur parenteralen Verabreichung an Menschen, 
25 umfassend: 

(a) den Aufschlufl der Zellmembran von 11-2 enthaltenden, transformierten E. coli; 

(b) die Extraktion des Aufschlusses mit einer waCrigen Losung von Harnstoff bei einem basischen 
pH; 

(c) die Solubilisierung des IL-2 in der festen Phase des Extraktionsgemrsches mit einer waBrigen 
30 Losung von Natriumdodecylsulfat, wobei die Losung ein Reduktionsmittel enthalt; 

(d) die Abtrennung des IL-2 aus der erhaltenen Losung In Gegenwart eines Reduktionsmittels; 

(e) die Oxidierung des Produktes von Schritt (d); 

(f) die Reinigung des erhaltenen oxidierten Produktes durch Umkehrphase-Hochleistungsflussigkeits- 
chromatographie mit einem Gemisch von 0,1 % Trifluoressigsaure und Acetonitril; 

35 (g) die Fallung der gesammelten Fraktionen von Schritt (f) mit Na2HP0+ und Sammein des 

Niederschiages; 

(h) die Losung des Niederschiages in Na2HP04 enthaltendem Natriumlaurat; 

(i) das Durchlaufen des gelosten Niederschiages durch eine EntsalzungssSule und Sammein des IL- 

2 aus der Saule; 

40 (j) das Vereinigen des IL-2 mit 0,1 Gew.-% pro Volumen Natriumlaurat mit NaaHPOi bei pH 9.0 bis 

9.5; 

(k) die Einstellung des pH der Zusammensetzung von Schritt (j) zwischen 7.0 und 8,0, wobei die 
Zusammensetzung. wenn der pH auf weniger als 8.0 eingestellt ist, filtriert wird um uberschussiges 
Natriumlaurat zu entfernen; und 
45 (I) die Lyophilisierung der Zusammensetzung von Schritt (k), um die endgultige Formulierung zu 

erhalten. 

11. Verfahren zur Herstellung eines Arzneimittels, umfassend die Formulierung eines lnterleukin-2- oder 

Interferon-fl-Proteins fur die Bereitstellung des Proteins, das so aufgereinigt ist. dafl es weniger als 4 ug 
50 Natriumdodecylsulfat pro mg Protein enthalt, gelost in einem inerten, Natriumlaurat enthaltenden 
Tragermedium bei einem pH von 7,0 bis 8,0. 
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FERMENTATION 



4M UREA 
BATCH EXTRACTION 



FIG. I 



2-BUTANOL 
EXTRACTION 





1% SDS. 50 mM ACETATE, 


S-200 COLUMN 






2mM DTT, ImM EDTA. PH 5.5 





0.1% SDS, 50mM ACETATE. 
ImM EDTA, PH 5.5 


G-25 COLUMN 





OXIDATION 




lOOOSOBENZOIC ACID 





FORMULATION AT PH 8.0 





0.1% SDS. 50 mM ACETATE. 


G-25 COLUMN 






ImM EDTA, PH 5.5 





0.1% TRIFLUOROACETIC ACID. 
60% ACETONITRILE 


RP-HPLC 










PRECIPITATE 




0.5M Na^HPO^ j 








COLLECT PRECIPITATE 










0.5% SODIUM LAURATE. 
lOmM Na2HP04 


REDISSOLVE PRECIPITATE 










G-25 COLUMN 




lOmM TRIS. PH 9 1 










0.1% SODIUM LAURATE. 
lOmM Na2HP04. 5% MANNITOL 


FORMULATION AT PH 9.1 







1M HCL 



1 



LYOPHILIZATION 
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FIG. 2 




FORMULATION AT 




0.1% SODIUM LAURATE. 


PH 9.1 




lOmM Na2HP04 -5% MANNITOL 








FORMULATION AT 




1M HCL 


PH < 8.0 







FILTER EXCESS 
LAURATE 



CLEAR SOLUTION 



LYOPHILIZATION 



